Condensation into ground state in binary string models by Viznyuk, Sergei
Condensation into ground state in binary string models 
Sergei Viznyuk 
 
Abstract 
The ensemble of binary strings defined via strong-interaction model exhibits 
enhanced condensation (collapse) into ground state below certain temperature. The 
non-interaction model shows gradual accumulation into ground state as T0 
 
Computer models based on principle of statistical ensemble may behave similar to real 
physical systems, without assumption of interaction potentials or assumption of other physical 
laws. As we show in this article, an ensemble of binary strings constructed with less internal 
degrees of freedom is sufficient for the model to exhibit behavior similar to Bose-Einstein 
condensation (BEC) in trapped dilute atomic gases [1] under low temperature. On other hand, a 
model used to construct the ensemble with no reduction in internal degrees of freedom only 
shows gradual accumulation into ground state. The presented models associate the ensemble of 
equal-length binary strings with one-dimensional gas of particles of certain mass, momentum, 
and energy [2]. 
We construct an ensemble of binary strings from source binary string B. We use two 
different models to associate source string B with N strings in the ensemble. Each string in 
resultant ensemble is M bits in length. In order to have macroscopic thermodynamic properties 
defined the ensemble has to be in equilibrium state. The equilibrium state of the ensemble is 
achieved when source string B has random distribution of bits with probability p=k/M, k being 
the number of set bits in string B. 
 
C-model 
The first model, which we shall call C-model, has been introduced previously [2]. In C-
model, the ensemble is constructed using a computable scalar measure Cn, which is the Hamming 
distance [3] between string B and B itself shifted by n bits: 
  ∑
=
+⊕=
M
i
niin BBC
1
 , Nn <≤0  , MN ≤<0           (1) 
, where Bi is ith bit of a string B, consisting of M bits with values 0 or 1, and ⊕  is logical XOR 
operator; Bi+n = Bi+n-M  for i+n>M; N is the total number of strings in the ensemble. The product
nii BB +⊕ ,  Mi ≤≤1 is a string Cn of M bits. The scalar value Cn is the sum of set bits in string 
Cn. The value Cn is taken as the observable measure of the ensemble, and N as the number of 
observations. All strings Ci having the same observable measure Ci constitute macrostate i of the 
ensemble. The adjusted [2] binomical distribution gives the population number Ni of ith 
macrostate in equilibrium: 
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Distribution (2) for values of p not too close to 0 or 1 is approximated by normal distribution 
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(3) 
, where temperature T and energy levels Ei have been defined previously [2] as:  
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The factor ×2 in front of N in (2) and (3) appears because the same observable value Ci is 
realized with k, and M-k set bits in source string B. In physical terms, it means the energy levels 
corresponding to odd Ci numbers are forbidden, and the population of energy levels is doubled 
for even Ci numbers. From (2) the population of the ground state ( CCi = ) is 
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, where )(TC  and )(TK  are computable from (4) functions of temperature T for a given M. The 
value provided by expression (6) can be shown to be equal to 
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, for any T>0. From (7) we see that at temperature 
M
Tc
⋅
=
pi
2
 ,  N0 becomes equal to N, i.e. all 
particles are in the ground state. For temperatures below Tc the ensemble no longer behaves as 
ensemble of particles but rather as one single-particle state [4], which is the characteristic feature 
of Bose-Einstein condensation (BEC) in physical systems. 
 
B-model 
We also consider B-model, where the ensemble is built as a set of N non-overlapping 
substrings Bn of a larger string B. Each substring Bn is M bits in length. Scalar value Bn is the 
sum of set bits in string Bn. The value Bn is taken as the observable measure of the ensemble. The 
population number Ni of ith macrostate in B-model is given by regular binomial distribution: 
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The binomial distribution (8) for values of p not too close to 0 or 1 is approximated by normal 
distribution 
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, where temperature T and energy levels Ei are:  
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From (8) the population of the ground state ( BBi = ) in B-model is 
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(12) 
, where )(TB  is computable from (10) function of temperature T for a given M. 
 
Comparison of B-model and C-model 
 Figure 1 shows the population of ground state in B-model (solid lines) and C-model (dash 
lines) as a function of temperature, for different string lengths M. The length of the strings M in 
ensemble plays the role of mass of the particles in one-dimensional gas [2]. The graphs for B-
model have been calculated using (12). Dash lines for C-model have been calculated using (6). 
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